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(54) Catalyst for purifying exhaust gas and process for producing the same 

(57) A catalyst for purifying an exhaust gas includes 
amorphous and homogeneous composite oxide parti- 
cles, a catalytic noble metal element, and metallic oxide 
particles. The metallic oxide particles interpose among 
the composite oxide particles to connect them with each 
other at least. The catalyst has good heat resistance, 
sulfur-poisoning resistance, and durability. The catalyst 
is produced as follows. A slurry is prepared by mixing an 
organosol with a suspension, or by mixing a solution 
with a suspension. The slurry is deposited on a support 
substrate to form a coating layer thereon. The suspen- 
sion includes a precursor powder, and a solvent. The 
precursor powder includes the composite oxide parti- 
cles, and the catalytic noble metal element. The com- 
posite oxide particles include a support component, and 
an NQ X storage element. The solvent is free from elu- 
tion of the NO x storage element. The organosol 
includes an organic solvent, and an oxide sol. The solu- 
tion includes an organic solvent, and an organometallic 
compound. The oxide sol and organometallic com- 
pound includes aluminum, silicon or zirconium. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a catalyst for purifying an exhaust gas, and to a process for producing the same. 
More particularly, it relates to a catalyst for purifying an exhaust gas. catalyst which is of good durability, and to a proc- 
ess for producing the same. ' 
10 i * , 

. Description of Related Art 

As catalysts for purifying automotive exhaust gases, there have, been employed 3-way catalysts so far which oxidize 
,CO and HC, and which reduce NO x , thereby purifying the exhaust gases. For example, the 3-way catalysts have been 

75 known widely which comprise a thermal resistant support formed of dordiei ite. a coating layer formed of y-alumina and 
disposed on the support, and a noble metal element selected from the group consisting of platinum (Pt), palladium (Pd) 
and rhodium (Rh) loaded on the carrier layer.' 

From the viewpoint of the global environment protection, carbon dioxide (C0 2 ), which is emitted from internal com- 
bustion engines of automobiles, or the like, is at issue. In order to reduce the carbon dioxide, so-called lean-burn 

20 engines are regarded promising. In lean-burn engines, the air-fuel mixture is lean-burned in an oxygen-rich atmos- 
phere. The fuel consumption can be reduced because lean-burn engines consume the fuel less. Accordingly, the car- 
bon dioxide, which is emitted from lean-burn engines as one of the burned exhaust gases, is inhibited from generating. 

The conventional 3-way catalysts oxidize CO and HC, and simultaneously reduce NO x tp purify them. The CO, HC 
and NO x are produced by burning an air-fuel mixture whose air-fuel ratio is controlled at the theoretical air-fuel ratio (i.e., 

2s the stoichiometric point). Consequently, the conventional 3-way catalysts do not have enough activity to remove NO x , 
which results from the exhaust gases produced by burning the fuel-lean air-fuel mixture, by reduction in an oxygen-rich 
atmosphere (or in a fuel-lean atmosphere). Thus, it' has been desired to successfully develop an automotive exhaust 
catalyst and a purifying system which can effectively purify NO x in an oxygen-rich atmosphere (or in a fuel-lean atmos- 
phere). 

30 Under the circumstances, the applicant of the present invention proposed novel exhaust catalysts, and filed the fol- 
lowing patent applications therelor with the Japanese Patent Office. For example, Japanese Unexamined Patent Publi- 
cation (KOKAI) No. 5-317,652 discloses a catalyst for purifying an exhaust gas in whjch an alkaline-earth metal, and Pt 
are loaded on a porous support including alumina, or the like; Japanese Unexamined Patent Publication (KOKAI) No. 
5-168,860 discloses a catalyst for purifying an exhaust gas in which lanthanum, and Pt are loaded on a porous support; 

35 and Japanese Unexamined Patent Publication (KOKAI) No. 6-31,139 discloses a catalyst for purifying an exhaust gas 
in which an alkali metal, and Pt are loaded on an alumina support. In these catalysts, the NO x is stored in oxides of the 
alkaline-earth metal, lanthanum and alkali metal (i.e., NO x storage elements) in a fuel-lean atmosphere (or in an oxy- 
gen-rich atmosphere), and the stored NO x is released at the stoichiometric point or in a fuel-rich atmosphere (or in a 
oxygen-lean atmosphere). The released NO x reacts with the reducing components, such as HC and CO. Thus, the cat- 

40 alysts can exhibit favorable NO x purifying performance even in a fuel-lean atmosphere (or in an oxygen-rich atmos- 
phere). 

When producing these catalysts, a so-called adsorption loading process is employed predominantly: namely; a 
solution including a compound of a catalytic noble metal is first impregnated into a porous support, such as alumina, 
and the porous support is dried and calcined to load the catalytic noble metal thereon. Then, a solution including a com- 
45 pound of an NO x storage element is impregnated into the porous support with the catalytic noble metal loaded thereon, 
and the porous support is dried and calcined to load the NO x storage element thereon. 

Whilst, the average temperature of exhaust gases at the inlet of catalysts for purifying exhaust gases, and the max- 
imum temperature thereof have tended to increase much higher, because the exhaust-gas emission control has been 
tightened, and because automobile engines have been required to exhibit high performance. Hence, in catalysts, a fur- 
so ther heat-resistance improvement has been longed for. In addition, as the temperature of exhaust gases at the inlet of 
catalysts increases, a catalyst having an improved NO x purifying capability at elevated temperatures has been longed 
for. 

However, the conventional catalyst for purifying exhaust gases suffer from a problem in that the NO x storage capa- 
bility oflhe NO x storage elements degrades because the NO x storage elements react with the support at elevated tem- 
55 peratures. Moreover, it is difficult for the conventional catalysts to securely exhibit the NO x purifying capability at 
elevated temperatures, because they can exhibit the maximum purifying capability only in a narrow temperature range 
(i.e., temperature window). 

In addition, in the conventional catalysts for purifying exhaust gases, the NO x storage elements are poisoned by 
SO x which results from the sulfur included in fuels in a trace amount, and are deteriorated in terms of the NO x storage 
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capability by the generation of sulfates. As a result, the durability of the conventional catalysts has deteriorated. 

In a process for producing the conventional catalysts for purifying exhaust gases, the NO x storage elements are 
loaded on the porous support by an adsorption loading process. However, the NO x storage elements are less likely to 
be dispersed by the process. Accordingly, the distribution of the NO x storage elements is heterogeneous, and the crys- 

5 tallization of the NO x storage elements develops around where the NO x storage elements are loaded in high concen- 
trations. As a result, the NO x storage capability of the NO x storage elements has deteriorated. In particular, the NO x 
purifying capability of the resulting catalysts at elevated temperatures depend greatly on the combinations of the NO x 
storage elements and the porous support, and on the dispersibility of the NO x storage elements. 

For instance, when the NO x storage elements are dispersed less, the crystals of the sulfates, which result from the 

70 sulfur poisoning, are likely to gfro'w. Jt is furthermore difficult to eliminate the crystalline sulfates from the resulting cata- 
lysts for purifying exhaust gases. As a result, the durability of the resulting catalysts has deteriorated. Moreover, the 
alkali metals, one of the NO x storage elements, are likely to be dissipated or eluted out by water vapor involved in the 
exhaust gases, because they are loaded on the surface of the 'porous support by the conventional adsorption loading 
process. As a result, the durability of the conventional catalysts with the alkali metals loaded thereon has not been high 

75 satisfactorily. , , 1 

Therefore, the inventor of the present .invention developed an amorphous and homogeneous composite oxide sup- 
port in which NO x storage! elements are dispersed on the order of atomic size. The composite oxide support comprises 
a support component, and an NO x storage element. The support component includes an oxide of metal which is at least 
one element selected from the .group consisting of group 3B elements, group 4A elements and group 4B elements in 

20 the periodic table of the elements. The NO x storage element includes at least one element selected from the group con- 
sisting of alkali metals, alkaline-earth metals and rare-earth elements. The support component and the NO x storage 
element constitute an amorphous composite oxide. 

It is possible to produce a catalyst for purifying an exhaust gas, which exhibits good NO x purifying performance, 
and which is inhibited from being poisoned by sulfur, by using the composite oxide support. For example, the composite 

25 oxide support can be pulverized to prepare a powder. The resulting composite-oxide-support powder, and another pow- 
der with a noble metal element loaded' thereon can be mixed to complete such a catalyst. 

In the conventional catalysts for purifying exhaust gases, a honeycomb-shaped support substrate has been used 
widely. The honeycomb-shaped support substrate is made from cordierite or metal, and is covered with a coating layer 
formed on the surface. The coating layer is formed of a support powder, such as alumina, and a catalytic component is 

30 loaded thereon. When producing the conventional catalysts, the support substrate is immersed into a slurry in which 
the support powder is dispersed in water, and is taken out of the slurry. Then, the excessive slurry is removed from the 
support substrate. Finally, the support substrate is dried, and calcined to complete the conventional catalysts. 

However, the inventor of the present invention found out the following drawbacks: namely; when the slurry was pre- 
pared by dispersing the above-described composite oxide support powder to form the coating layer on the support sub- 

35 strate, the NO x elements, which have been dispersed homogeneously in the composite oxide support, eluted out into 
the slurry to degrade the dispersibility of the NO x elements in the composite oxide support- Accordingly, the resulting 
catalysts for purifying exhaust gases were deteriorated in terms of heat resistance and sulfur-poisoning resistance. 

The drawback results from the fact that the NO x storage elements are likely to dissolve into water. Accordingly, 
when an organic solvent is employed to keep the NO x storage elements from eluting out, it is possible to overcome the 

40 drawback. However, the inventor of the present invention found out another drawback when a slurry was prepared by 
using an organic solvent. The density of the coating layer made from such a slurry has decreased to deteriorate the 
strength thereof, because the surface tension of organic solvent is as low as 1/3 of the surface tension of water. 

SUMMARY OF THE INVENTION 

45 

The present invention has been developed under the aforementioned circumstances. It is therefore an object of the 
present invention to provide a catalyst for purifying an exhaust gas, which is of improved durability, by keeping the dis- 
persibility of NO x storage elements high in the coating layer, and by simultaneously upgrading the strength of the coat- 
ing layer. 

so A first aspect of the present invention is a catalyst for purifying an exhaust gas which can carry out the object. The 
present catalyst comprises: 

amorphous and homogeneous composite oxide particles including a support component, and an NO x storage ele- 
ment, 

55 the support component including a oxide of metal being at least one element selected from the group consisting of 
group 3B elements, group 4A elements and group 4B elements in the periodic table of the elements, 
the NO x storage element including at least one element selected from the group consisting of alkali metals, alka- 
line-earth metals and rare-earth elements; 

a catalytic noble metal element being in at least one state selected from the group consisting of being involved 
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homogeneously in the composite oxide particles and being loaded on the composite oxide particles; and 
metallic oxide particles including at least one oxide selected from the group consisting of oxides of aluminum (Al), 
oxides of silicon (Si) and oxides of zirconium (Zr), and interposing among the composite oxide particles to connect 
the composite oxide particles with each other at least 

5 

A second aspect of the present invention is a process for producing the above-described present catalyst. The pro- 
duction process comprises the steps of: 

preparing a suspension by dispersing a precursor powder in a solvent, 
10 the precursor powder including amorphous and homogeneous composite oxide particles, and a catalytic noble 
metal element, 

the composite oxide particles including a support component, and an NO x storage element, 
the support component including an oxide of metal being at least one element selected from the group consisting 
of group 3B elements, group 4A elements and group 4B elements in the periodic table of the elements, 
is the NO x storage element including at least one element selected from the group consisting of alkali metals, alka- 
line-earth metals and rarerearth elements, 

the catalytic noble metal element being in at least one state selected from the group consisting of being involved 
homogeneously in the composite oxide particles and being loaded on the composite oxide particles, 
the solvent being free from elution of the NO x storage element; 
20 preparing a slurry by mixing a organosol with the suspension, 

the organosol including an organic solvent, and an oxide sol including at least one oxide selected from the group 
consisting of oxides of aluminum (Al), oxides of silicon (Si) and oxides of zirconium (Zr), and dispersed in the 
organic solvent; and 

depositing the slurry on a support substrate, and drying and thermally treating the support substrate, thereby form- 
25 ing a coating layer on the support substrate. 

A third aspect of the present invention is another process for producing the above-described present catalyst. The 
another production process comprises the steps of: 

30 preparing a suspension by dispersing a precursor powder into a solvent, 

the precursor powder including amorphous and homogeneous composite oxide particles, and a catalytic noble 
metal element, 

the composite oxide particles including a support component, and an NO x storage element, 
the support component including an oxide of metal being at least one element selected from the group consisting 
35 of group 3 B elements, group 4 A elements and group 4B elements in the periodic table of the elements, 

the NO x storage element including at least one element selected from the group consisting of alkali metals, alka- 
line-earth metals and rare- earth elements, 

the catalytic noble metal element being in at least one state selected from the group consisting of being involved 
homogeneously in the composite oxide particles and being loaded on the composite oxide particles, 
40 the solvent being free from elution of the NO* storage element; 
preparing a slurry by mixing a solution with the suspension, 

the solution including an organic solvent, and an organometallic compound including at least one element selected 
from the group consisting of aluminum (Al), silicon (Si) and zirconium (Zr), and dissolved into the solvent; and 
depositing the slurry on a support substrate, and drying and thermally treating the support substrate, thereby form- 
45 ing a coating layer on the support substrate. 

The present catalyst for purifying an exhaust gas according to the first aspect of the present invention is good in 
terms of heat resistance and sulfur-poisoning resistance, and is also good in terms of coating-layer strength. Therefore, 
the present catalyst is superb in terms of durability. In addition, the present processes for producing a catalyst for puri- 
so tying an exhaust gas according to the second and third aspects of the present invention are free from the problems 
which result from the elution of the NO x storage element. Hence, the present production processes can reliably produce 
a catalyst for purifying an exhaust gas whose coating layer includes the NO x storage element homogeneously and with 
high dispersibility, and whose coating layer is good in terms of strength as well. 

55 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Having generally described the present invention, a further understanding can be obtained by reference to the spe- 
cific preferred embodiments which are provided herein for purposes of illustration only and are not intended to limit the 
scope of the appended claims. 
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In the present invention, the support component includes an oxide of metal which is at least one element selected 
from the group consisting of group 3B elements, group 4A elements and group 4B elements in the periodic table of the 
elements. For example, the oxide can be at least one oxide selected from the group consisting of alumina, titania, zir- 
conia, silica, silica-alumina and silica-titania. Among the group 3B elements, group 4A elements and group 4B ele- 

5 ments, it is preferred that the group 4A elements are included in the support component, because the group 4A 
elements operate as a co-catalyst to inhibit the NO x storage element from being poisoned by sulfur. 

In the present invention, the NO x storage element includes at least one element selected from the group consisting 
of alkali metals, alkaline-earth metals and rare-earth elements. The alkali metals are the group 1 A elements in the peri- 
odic table of element, and can be exemplified by lithium, sodium, potassium, rubidium, cesium and francium. The alka- 

io line-earth metals are the group 2A elements in the periodic table of the elements, and can be exemplified by barium, 
beryllium, magnesium, calcium and strontium. The rare-earth elements herein mean, not only the chemical elements 
with atomic numbers 58 to 71 , which can be exemplified by cerium, praseodymium and neodymium, etc., but also scan- 
dium, yttrium and lanthanum. 1 

In the present invention, the support component and the NOx storage element constitute the amorphous and 

75 homogeneous composite oxide particles. In order to form the composite oxide particles, there is a process available: 
namely; a first solution can be prepared with a sol which includes an oxide constituting the support component; the first 
solution can' be mixed with a second solution of a compound which includes the NO x storage element; the mixed solu- 
tion can be turned into a gel; and the resulting gel can be thermally treated. In accordance with the process, the oxide 
sol includes fine particles to have a BET specific surface area of approximately 500 m 2 /g or more, further preferably 

20 from 500 to' 1 ,'000 m 2 /g, and the NO x storage elements are dispersed on the surface of the fine particles. Hence, the 
NO x storage elements can be dispersed extremely highly by employing the process. Moreover, the temperature at , 
which the NO x storage element crystallizes can be increased by the process. Thus, the present catalyst for purifying an 
exhaust gas can fully keep the superb durability at elevated temperatures. 

Note that the amorphous and homogeneous composite oxide particles, on which the NOx storage elements are 

25 highly dispersed, can be produced by a sol-gel process by supplying both of the support component and the NO x stor- 
. age element as 'their metallic alkoxides. However, the metallic alkoxides are expensive so that the cost of the raw mate- 
rial adds up considerably in the sol-gel process. On fhe contrary, the composite oxide can be produced l^ss expensively 
by the above-described process, which employs the sol including the oxide, than by the sol-gel proess. 

The composition ratio of the support component with respect to the NO x storage element can preferably fall in a 

30 range of 1/3 > (support component/NO x storage element) > 1/90 by molar ratio. Note that the number of mols of the 
support component and the NO x storage element are herein expressed by the number of mols of their oxides. When 
the amorphous and homogeneous composite oxide includes the NO x storage element too much (e.g., when the molar 
ratio is 1/90 or less), the resulting composite oxide somewhat exhibits an NOx storage capability, but releases NO x 
insufficiently in a reducing atmosphere. Moreover, the resulting composite oxide has a small specific surface area, and 

35 is in short of heat resistance. When the amorphous and homogeneous composite oxide includes the NO x storage ele- 
ment too less (e.g., when the molar ratio is 1/3 or more), the resulting composite oxide is subjected to sintering at ele- 
vated temperatures to decrease the specific surface area, and can hardly store NO x in a required amount. Thus, when 
the molar ratio falls in the aforementioned preferred range, further preferably, in a range of 1/5 > (support compo- 
nent/NOx storage element) > 1/20 can be supplied by molar ratio, the composite oxide of sufficient heat resistance and 

40 durability can be prepared. 

It is especially preferred to employ alumina as the support component, and to employ cesium (Cs) as the NO x stor- 
age element. Cs is good in terms of NO x storage capability at low temperatures. In addition, due to the interaction with 
Al, Cs exhibits a good NO x storage capability at elevated temperatures of 400 °C or more. Specifically, Cs is basic so 
strongly that it firmly combines with acidic NO x . Thus, Cs is good in terms of NO x storage capability. Further, compared 

45 with the other NO x storage elements, such as barium Ba, or the like, Cs is less likely to react with alumina, and can keep 
the NO x storage capability high for long period of time. Furthermore, when Cs is combined with alumina to form a com- 
posite oxide, the resulting composite oxide exhibits high durability. Moreover, even when Cs is poisoned by sulfur, the 
resulting sulfates are composite sulfates formed of Cs and AI which are more likely to be decomposed than the sulfates 
formed of Ba, or the like. In addition, SO £ is eliminated from the decomposed sulfates, and the remaining composite 

so oxide again operates as an NO x storage member. 

In the present invention, the metallic oxide particles include at least one oxide selected from the group consisting 
of oxides of aluminum (Al), oxides of silicon (Si) and oxides of zirconium (Zr), and interpose among the amorphous and 
homogeneous composite oxide particles to connect the composite oxide particles with each other at least. When a cat- 
alyst for purifying an exhaust gas includes a coating layer, which is formed on a support substrate made from cordierite 

55 or metal, and on which a catalytic noble metal element is loaded, the composite oxide particles are connected with each 
other by the metallic oxide particles in the coating layer. Moreover, an extra advantage is effected by the metallic oxide 
particles; namely: the support substrate and the coating layer are connected with each other by the metallic oxide par- 
ticles. Thus, the coating layer is enhanced in terms of strength, and exhibits good durability. 

The metallic oxide particles can preferably be included in an amount of from 0.1 to 20% by weight, further prefera- 
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b!y from 1 to 10% by weight, in the present catalyst for purifying an exhaust gas. When the content of the metallic oxide 
particles is less than 0.1% by weight, there little arises the aforementioned strength enhancement. Consequently, the 
resulting catalyst is deteriorated in terms of durability. When the content of the metallic oxide particles is more than 20% 
by weight, the resulting catalyst exhibits decreased NO x purifying performance. 

5 In the present invention, the catalytic noble metal element is in at least one state selected from the group consisting 

of being involved homogeneously in the amorphous and homogeneous composite oxide particles and being loaded on 
the composite oxide particles. The catalytic noble metal element can be exemplified by platinum (Pt), rhodium (Rh), pal- 
ladium (Pd), silver (Ag), gold (Au) and iridium (Ir). The loading amount or content of the catalytic noble metal element 
can be set optionally in a range of from 0.1 to 10% by weight, preferably from 1 to 5% by weight, in the present catalyst 

io for purifying an exhaust gas. When the loading amount or content of the catalytic noble metal element is less than 0.1%, 
the resulting catalyst is deteriorated in terms of NO x purifying performance and 3-way activity. Thus, such a small load- 
ing amount or content is not practical. When the loading amount or content of the catalytic noble metal element is more 
than 10%, the resulting catalyst exhibits saturated NO x purifying performance only, and such an enlarged loading 
amount or content results in pushing up. the production cost. Note that the catalytic, noble metal element can be loaded 

75 on the surface of the composite oxide particles, br it can be homogeneously dispersed in the composite oxide particles, 
or it canconstitute the composite oxide particles together with the support component and the NO x storage element. 

In the production processes according to 1 the second and third aspect? of the present invention, the catalytic noble 
metal element can be included by adding the catalytic noble metal element to the composite oxide particles when pre- 
paring the composite oxide particles, or can be loaded on the composite oxide particles after forming the composite 

20 oxide particles from the support component and the NQ X storage element. In the latter case, the absorption loading 
process can be employed. Note that, however, the following precautions can preferably be employed in order that the 
composite oxide particles are free from the contact with water: namely; a powder, which includes a support component 
with the catalytic noble metal element loaded independently, can be mixed with the composite oxide particles; or a solu- 
tion, in which a compound of the catalytic noble metal element is dissolved into an organic solvent, can be employed 

25 instead of an aqueous solution. 

In the production processes according to the second and third aspects of the present invention, the precursor pow- 
der, which includes the composite oxide particles and the catalytic noble metal element, is first mixed with the solvent, 
which is free from the elution of the NO x storage element, thereby preparing the suspension. In general, the term, "the 
solvent, which is free from the elution of the NO x storage element", means organic solvents. In certain applications, 

30 however, the solvent; which is free froni the elution of the NO x storage element, can be organic solvents which involve 
water. There are a variety of organic solvents. It is preferred to employ an organic solvent of low viscosity, because the 
resulting slurry exhibits a high viscosity when the organic solvent exhibits a high viscosity. In addition, it is preferred to 
employ an organic solvent of good wettability to a support substrate. Hence, it is recommended to employ alcohols. 
Among alcohols, it is especially preferred to employ isopropyl alcohol (i.e., 2-propanol) from which the NO x storage ele- 

35 merit is considerably less likely to elute. 

Then, the resulting suspension is mixed with a dispersion or solution, in which the metallic organosol or the orga- 
nometallic compound is dispersed or dissolved, to form the slurry. The metallic organosol, or the organometallic com- 
pound includes at least one element which is selected from the group consisting of Al, Si and Zr. The slurry forms the 
coating layer on the support substrate. In the resulting coating layer, the metallic oxide works as a binder not only to 

40 connect the composite oxide particles with each other, but also to connect the coating layer with the support substrate. 
Thus, the coating layer is enhanced in terms of strength. Note that, metallic oxides, which include elements other than 
those described above, might upgrade the strength of the resulting coating layer, but adversely affect the purifying per- 
formance of the resulting catalyst for purifying an exhaust gas. 

As for the concentration of the precursor powder, which includes the composite oxide particles and the catalytic 

45 noble metal, in the slurry, it is preferred that the concentration falls in a range of from 30 to 70% by weight, further pref- 
erably from 40 to 60% by weight. When the concentration is less than 30% by weight, the man-hour requirement for 
forming the coating layer to a predetermined thickness enlarges because the coating-layer-forming step should be car- 
ried at repeatedly. When the concentration is more than 70% by weight, the strength of the resulting coating layer is 
degraded because the viscosity of the resulting slurry is increased and the density of the resulting coating layer is 

so decreased. 

As for the addition amount of the organosol or the organometallic compound. It is preferred that the addition amount 
falls in a range of from 0.1 to 20% by weight, further preferably from 0.5 to 10% by weight, which is expressed by a value 
converted into an amount of the constituent oxide, in the coating layer, because of the aforementioned reason. When 
the addition amount is more than 20% by weight, there arises a drawback in that the density of the coating layer is 
55 decreased to deteriorate the strength thereof, because the resulting slurry exhibits a high viscosity. 

As for the organosol, an organoalumina sot, an organositica sol, and an organozirconia sol can be employed. The 
average particle diameter of these oxide sols can preferably be 100 nm or less. When the average particle diameter is 
more than 100 nm, the resulting coating layer is degraded in terms of strength. As for the organometallic compound, 
aluminum alkoxides, alkoxy silanes, zirconium alkoxides, acetylacetonato complexes including the aforementioned 
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metallic elements (e.g., Al, Si and Zr), and chelate compounds including the aforementioned metallic elements. 

The present invention will be hereinafter described in detail with reference to preferred embodiments and compar- 
ative examples. 

5 First Preferred Embodiment 

(1) Preparation of Composite Oxide Powder 

16.0 grams of cesium acetate, and 153.3 grams of aluminum triisqpropoxide were dissolved into 480 milliliters of 
w isopropyl alcohol. The resulting solution was refluxed at 80 °C for. 2 hours. The ref luxed solution was thereafter mixed 
with 14.5 grams ol 2, 4-pentanedione, and was further stirred fur 3 hours. Then, a mixed solution was dropped into the 
solution while keeping the temperature of the refluxed solution at 80 °C. The mixed solution .included 84.0 milliliters of 
ion-exchanged water, and 100 milliliters of isopropyl alcohol. The refluxed solution with the mixed solution dropped was 
stirred at 80 °C for 5 hours, and was thereafter dried by heating aX 120 °C under decompression. A white powder was 
is thus prepared. , , 1 

The resulting powder was calcined at 900 °C in air for 5 hours, thereby preparing a composite oxide powder. The 
resulting composite oxide' powder exhibited a BET specific surface area of 161 m 2 /g. According to the results of an X- 
ray diffraction analysis to which the composite oxide was subjected, Cs and Al was found to constitute composite oxide 
particles, and Cs was found to be dispersed highly in Al. Note that the composite oxide powder included Cs and. Al in a 

20 molar ratio of 1 : 9 as their oxides (i.e., Cs 2 0/Al 2 0 3 = 1/9). 

• i 

(2) Preparation of Suspension 

. The thus prepared composite oxide powder was weighed out by a predetermined amount, and was mixed with iso- 
25 propyl alcohol. Another solution was added to the resulting solution, and was stirred to mix for 1 hour. The another solu- 
tion was prepared by dissolving' a predetermined amount of bis-acetylacetonato platinum (Pt(C 5 H 7 0 2 )2). working as a 
platinum source, into isopropyl alcohol. Thereafter, the solvent (i.e., isopropyl alcohol) was separated from the mixed 
solution by centrifugal separation. The resulting precipitate was heated gradually from room temperature to 120 C C to 
dry. Then, the dried precipitate was, heated to 500 °C in a nitrogen atmosphere, thereby carrying out a heat treatment. 
30 A precursor powdei was thus prepared. Note that the loading amount of Pt was 1 .5% by weight in the resulting precur- 
sor powder. A predetermined amount of the thus prepared precursor powder was mixed with isopropyl alcohol to pre- 
pare a suspension. 

(3) Preparation of Slurry 

35 

An organosilica sol was prepared, and was mixed with the resulting suspension in a predetermined ratio. The orga- 
nosilica sol included a silica sol having an average particle diameter of 10 nm in an amount of 30% by weight, and the 
balance of isopropyl alcohol. Note that, in the slurry, silica was added to the composite oxide powder in an amount of 
0.5% by weight. 

40 

(4) Preparation of Coating Layer 

A honeycomb-shaped monolithic catalyst support was prepared, and was made from cordierite. The monolithic cat- 
alyst support was immersed into the resulting slurry, and was taken out therefrom. After suction-removing the excessive 

45 slurry by a blower, the monolithic catalyst support was heated gradually from room temperature to 120 °C to dry. These 
operations were carried out repeatedly until the slurry is coated on the monolithic catalyst support in a predetermined 
amount. Thereafter, the monolithic catalyst support with the slurry coated thereon was thermally treated at 500 °C 
under a nitrogen atmosphere for 1 hour, thereby forming a. coating layer on the monolithic catalyst support. A catalyst 
of the First Preferred Embodiment for purifying an exhaust gas was thus produced. Note that the coating layer was 

so formed in an amount of 150 grams with respect to 1 L of the monolithic catalyst support. 

(5) Examination and Evaluation 

The thus produced catalyst was immersed into isopropyl alcohol. The resulting mixture was radiated by a 40 kHz 
55 ultrasonic wave for i hour, and was examined for the weight variation of the catalyst before and after the ultrasonic-wave 
radiation. The corning- off rate of the coating layer was this determined. The results of the examination were set forth in 
Table 2 below. 

Further, the resulting catalyst was installed to a durability testing apparatus which utilizes a model gas, and was 
subjected to a durability test. In the durability test, a fuel-lean model gas and a fuel-rich model gas whose compositions 
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are recited in Table 1 below were flowed through the testing apparatus alternately for 5 hours. Note that the fuel-lean 
model gas was flowed for 4 minutes, and alternately the fuel-rich model gas was flowed for 1 minute, and that the tem- 
perature of the model gases was 900 °C at the inlet of the testing apparatus, and that the space velocity (i.e., SV) of the 
model gases was 50,000 hr* 1 . Thereafter, the fuel-lean model gas and a fuel-rich model gas were further flowed through 

s the testing apparatus alternately for 2 minutes, respectively, at the space velocity of 100,000 hr* 1 . The catalyst was thus 
examined for the NO x conversion in a fuel-lean atmosphere. The thus measured NO x conversion was taken as the "NO* 
conversion after heat treatment" set forth in Table 2 below. , 

Furthermore, the resulting catalyst was installed to another durability testing apparatus which utilizes a model gas, 
and was subjected to a sulfur poisoning. In the sulfur poisoning, a sulfur-poisoning gas whose composition is recited in 

io Table 1 below and which included S0 2 in an amount of 200 ppm was flowed through the another testing apparatus for 
30 minutes. Note that the temperature of the sulfur-poisoning gas was 400 °C at the inlet of the another testing appa- 
ratus, and the space velocity thereof was 1 00,000 hr" 1 . Thereafter, in the same manner as described above, the catalyst 
was examined for the NO* conversion in a fuel-lean atmosphere. The thus measured NO x conversion was taken as the 
"NO x conversion after sulfur poisoning" set forth in Table 2 below. 

is Moreover, the catalyst subjected to the sulfur poisoning was chemically analyzed for the sulfur deposition therein. 
The results of these examinations are summarized in Table 2 below. 



TABLE 1 





CO (%) 


C 3 H 6 (ppmC) 


C0 2 (%) 


H 2 0 (%) 


NO (ppm) 


S0 2 (ppm) 


N 2 


Fuel-lean Model Gas 


0.1 


2000 


10.0 


10.0 


500 


0 


Balance 


Fuel-rich Model Gas 


0.5 


2000 


10.0 


10.0 


200 - 


0 


Balance 


Sulfur- Poisoning Gas 


0.1 


2000 


10.0 


10.0 


500 


200 


Balance 



Second Preferred Embodiment 

30 

In a Second Preferred Embodiment, a combination of barium diisopropoxide and aluminum triisopropoxide was 
employed in the preparation of composite oxide powder. Note that the resulting composite oxide powder included Ba 
and Al in a molar ratio of 1 : 3 as their oxides (i.e., Ba0/AI 2 0 3 = 1/3). Unless otherwise specified, a catalyst of the Sec- 
ond Preferred Embodiment for purifying an exhaust gas was produced and examined for the characteristics in the same 
35 manner as the First Preferred Embodiment. Table 2 below summarizes the arrangement of the resulting catalyst, and 
the characteristics thereof. 

Third Preferred Embodiment 

40 In a Third Preferred Embodiment, a combination of cesium acetate, barium diisopropoxide and aluminum triisopro- 

poxide was employed in the preparation of composite oxide powder. Note that the resulting composite oxide powder 
included Cs, Ba and Al in a molar ratio of 1 : 1 : 6 as their oxides (i.e., Cs 2 0/BaO/AI 2 0 3 = 1/1/6). Unless otherwise spec- 
ified, a catalyst of the Third Preferred Embodiment for purifying an exhaust gas was produced and examined for the 
characteristics in the same manner as the First Preferred Embodiment. Table 2 below summarizes the arrangement of 

45 the resulting catalyst, and the characteristics thereof. 

Fourth Preferred Embodiment 

In a Fourth Preferred Embodiment, a combination of potassium acetate, titanium tetraisopropoxide and aluminum 
50 triisopropoxide was employed in the preparation of composite oxide powder. Note that the resulting composite oxide 
powder included K, Ti and Al in a molar ratio of 1 : 1 : 6 as their oxides (i.e., K 2 0/Ti0 2 /Al 2 0 3 = 1/1/6). Unless otherwise 
specified, a catalyst of the Fourth Preferred Embodiment for purifying an exhaust gas was produced and examined for 
the characteristics in the same manner as the First Preferred Embodiment. Table 2 below summarizes the arrangement 
of the resulting catalyst, and the characteristics thereof. 

55 

Fifth Preferred Embodiment 

In a Fifth Preferred Embodiment, a combination of potassium acetate, cerium acetate and aluminum triisopropox- 
ide was employed in the preparation of composite oxide powder. Note that the resulting composite oxide powder 



8 

BNSDOCID: <EP 0787522A2J_> 



EP 0 787 522 A2 



included K, Ce and Al in a molar ratio of 2 : 1 : 12 as their oxides (i.e., K 2 0/Ce0 2 /Al 2 0 3 = 2/1/12). Unless otherwise 
specified, a catalyst of the Fifth Preferred Embodiment for purifying an exhaust catalyst was produced and examined 
for the characteristics in the same manner as the First Preferred Embodiment. Table 2 below summarizes the arrange- 
ment of the resulting catalyst, and the characteristics thereof. 

5 , ■ ' ' 

Sixth Preferred Embodiment 

In a Sixth Preferred Embodiment, a combination of bisacetylacetonato platinum, cesium acetate and aluminum tri- 
isopropoxide was employed in the preparation of composite oxide powder.. Note that the resulting precursor powder 

io included Pt, Cs and Al in a molar ratio of 0.1 : 1 : 9 as their oxides (i.e., PtO/Cs0 2 /AI 2 0 3 = 0,1/1/9), and that the loading 
amount of Pt was 1 .5% by weight in the resulting precursor powder. Moreover, the resulting precursor powder was dis- 
persed in isopropyl alcohol to prepare a suspension in the preparation of suspension. Unless .otherwise specified, a cat- 
alyst of the Sixth Preferred Embodiment for purifying an 'exhaust gas was produced and examined for the 
characteristics in the same manner as the First Preferred Embodiment. Table 2 below summarizes the arrangement of 

75 the resulting catalyst, dnd the characteristics thereof. 

Seventh Preferred Embodiment 

In a Seventh Preferred Embodiment, a combination of bisacetylcetonato platinum, potassium acetate, titanium 
20 tetraisopropoxide and aluminum triisopropoxide was employed in the preparation of composite oxide powder. Note that 
the resulting precursor powder, included Pt, K, Ti and Al in a' molar ratiQ of 0.1 : 1 : 1 : 6 as their oxides (i.e., 
Pt0/K 2 O/TiO 2 /AI 2 O 3 = 0. 1/1/1/6), and that the loading amount of Pt was 1 .5% by weight in the resulting precursor pow- 
der. Moreover, the resulting precursor powder was dispersed in isopropyl alcohol to prepare a suspension in the prep- 
aration of suspension. Unless otherwise specified, a catalyst of the Seventh Preferred Embodiment for purifying an 
25 exhaust gas was produced and examined for the characteristics in the same manner as the First Preferred Embodi- 
ment. Table 2 below summarizes the arrangement of the resulting catalyst, and the characteristics thereof. 

Eighth Preferred Embodiment 

30 In an Eighth Preferred Embodiment, a combination of bisacetylacetonato platinum, barium isopropoxide, titanium 
tetraisopropoxide and aluminum triisopropoxide was employed in the preparation of composite oxide powder, Note that 
the resulting precursor powder included Pt, Ba, Ti and Al in a molar ratio of 0.1 : 2 : 1 : 6 as their oxides (i.e., 
PtO/BaO/Ti0 2 /AI 2 0 3 = 0.1/2/1/6), and that the loading amount of Pt was 1 .5% by weight in the resulting precursor pow- 
der. Moreover, the resulting precursor powder was dispersed in isopropyl alcohol to prepare a suspension in the prep- 

35 aration of suspension. Unless otherwise specified, a catalyst of the Eighth Preferred Embodiment for purifying an 
exhaust gas was produced and examined for the characteristics in the same manner as the First Preferred Embodi- 
ment. Table 2 below summarizes the arrangement of the resulting catalyst, and the characteristics thereof. 

Ninth though Sixteenth Preferred Embodiments 

40 

In Ninth through Sixteenth Preferred Embodiments, an organoalumina sol was employed as a metallic oxide source 
instead of the organosilica sol in the preparation of slurry. The organoalumina sol included an alumina sol having an 
average particle diameter of 50 nm in an amount of 20% by weight, and the balance of isopropyl alcohol. Unless other- 
wise specified, catalysts of the Ninth through Sixteenth Preferred Embodiments for purifying an exhaust gas were pro- 
45 duced in the same manner as the First through Eighth Preferred Embodiment, respectively. The resulting catalysts were 
examined for the characteristics in the same manner as the First Preferred Embodiment. Table 3 below summarizes the 
arrangements of the resulting catalysts, and the characteristics thereof. 

Seventeenth through Twenty-fourth Preferred Embodiment 

so < 

In Seventeenth through Twenty-fourth Preferred Embodiments, an organozirconia sol was employed as a metallic 
oxide source instead of the organosilica sol in the preparation of slurry. The organozirconia sol included a zirconia sol 
having an average particle diameter of 30 nm in an amount of 30% by weight, and the balance of isopropyl alcohol. 
Unless otherwise specified, catalysts of the Seventeenth through Twenty-fourth Preferred Embodiments for purifying an 

55 exhaust gas were produced in the same manner as the First through Eighth Preferred Embodiment, respectively. The 
resulting catalysts were examined for the characteristics in the same manner as the First Preferred Embodiment. Table 
4 below summarizes the arrangements of the resulting catalysts, and the characteristics thereof. 
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Twenty-fifth Preferred Embodiment 

In a Twenty-fifth Preferred Embodiment, a combination of potassium acetate, titanium tetraisopropoxide and alumi- 
num triisopropoxide was employed to prepare a composite oxide powder in the preparation of composite' oxide powder. 

5 Note that the resulting composite oxide powder included K, Ti and Al in a molar ratio of 1 : 1 : 6 as their oxides (i.e., 
K 2 0/Ti02/AI 2 03 = 1/1/6). Moreover, in the Twenty-fifth Preferred Embodiment, an aluminum triisopropoxide solution 
was employed as a metallic oxide source instead of the organosilica sol in the preparation of slurry. The solution 
included aluminum triisopropoxide in an amount of 60% by weight in 2-methoxyethanol. Unless otherwise specified, a 
catalyst of the Twenty-fifth Preferred Embodiment for purifying an exhaust gas was produced and examined for the 

w characteristics in the same manner as the First Preferred Embodiment. Table 4 below summarizes the arrangement of 
the resulting catalyst, and the characteristics thereof. 

Twenty-sixth Preferred Embodiment 

is In a Twenty-sixth Preferred Embodiment, a combination of bisacetylacetonato platinum, potassium acetate, tita- 
nium tetraisopropoxide and aluminum triisopropoxide was employed to prepare a precursor powder in the preparation 
of composite oxjde powder. Note that the resulting precursor powder included Pt, K, Ti and Al in a molar ratio of 0.1 : 1 
: 1 : 6 as their oxides (i.e., PtO/K 2 0/Ti0 2 /AI 2 03 = 0.1/1/1/6), and that the loading amount of Pt was 1.5% by weight in 
the resulting precursor powder. Moreover, in the Twenty-sixth Preferred Embodiment, the resulting precursor powder 

20 was dispersed in .isopropyl alcohol to prepare a suspension in the preparatipn of suspension, and tetraethoxy silane 
was employed as a metallic oxide source instead of the organosilica sol in the preparation of slurry. Note that the con- 
centration of tetraethoxy silane was 100% by weight in the metallic oxide source. Unless otherwise specified, a catalyst 
of the Twenty-sixth Preferred Embodiment for purifying an exhaust gas was produced and examined for the character- 
istics in the same manner as the First Preferred Embodiment. Table 4 below summarizes the arrangement of the result- 

25 ing catalyst, and the characteristics thereof. 

i 

. Twenty-seventh through Thirtv-fourth Preferred Embodiments 

In Twenty-seventh through Thirty-fourth Preferred Embodiments, zirconium tetraisopropoxide solution was 
30 employed as a metallic oxide source instead of the organosilica sol in the preparation of slurry. Note that the concen- 
tration of zirconium tetraisopropoxide was 70% by weight in the zirconium tetraisopropoxide solution. Unless otherwise 
specified, catalysts of the Twenty-seventh through Thirty-fourth Preferred Embodiments for purifying an exhaust gas 
were produced in the same manner as the First through Eighth Preferred Embodiment, respectively. The resulting cat- 
alysts were examined for the characteristics in the same manner as the First Preferred Embodiment. Table 5 below 
35 summarizes the arrangements of the resulting catalysts, and the characteristics thereof. 

Thirtv-fifth through Fortv-second Preferred Embodiments 

In Thirty-fifth through Forty-second Preferred Embodiments, an aluminum nitrate solution was employed as a 
40 metallic oxide source instead of the organosilica sol in the preparation of slurry. Note that the employed aluminum 
nitrate included water of crystallization in a quantity of 9 by mol, and that the concentration of aluminum nitrate was 30% 
by weight in the aluminum nitrate solution. Unless otherwise specified, catalysts of the Thirty-fifth through Forty-second 
Preferred Embodiments for purifying an exhaust gas were produced in the same manner as the First through Eighth 
Preferred Embodiment, respectively. The resulting catalysts were examined for the characteristic in the same manner 
45 as the First Preferred Embodiment. Table 6 below summarizes the arrangements of the resulting catalysts, and the 
characteristics thereof. 

Fortv-third through Fiftieth Preferred Embodiments 

so In Forty-third through Fiftieth Preferred Embodiments, an alumina sol dispersion was employed as a metallic oxide 
source instead of the oraganosilica sol in the preparation of slurry. Note that the employed alumina sol included alumina 
(an average particle diameter of 50 nm) in an amount of 20% by weight, and the balance of water, and that the concen- 
tration of alumina sol was 15% by weight in the alumina sol dispersion, and the balance of isopropyl alcohol. Unless 
otherwise specified, catalysts of the Forty-third through Fiftieth Preferred Embodiments for purifying an exhaust gas 

55 were produced in the same manner as the First through Eighth Preferred Embodiment, respectively. The resulting cat- 
alysts were examined for the characteristics in the same manner as the First Preferred Embodiment. Table 7 below 
summarizes the arrangements of the resulting catalysts, and the characteristics thereof. 
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Fiftv-first through Fifty-eighth Preferred Embodiments 

In Fifty-first through Fifty-eighth Preferred Embodiments, a zirconia sol dispersion was employed as a metallic 
oxide source instead of the organosilica sol in the preparation of slurry. Note that the employed zirconia sol included 

5 zirconia (an average particle diameter of 30 nm) in an amount of 30% by weight, and the balance of water, and that the 
concentration of zirconia sol was 10% by weight in the zirconia sol dispersion, and the balance of isopropyl alcohol. 
Unless otherwise specified, catalysts of the Fifty-first through Fifty-eighth Preferred Embodiments for purifying an 
exhaust gas were produced in the same manner as the First through Eighth Preferred Embodiment, respectively. The 
resulting catalysts were examined for the characteristics in the same manner as the First Preferred Embodiment. Table 

io 8 below summarizes the arrangements of the resulting catalysts, and the characteristics thereof. 

Comparative Example No. 1 

i 

In Comparative Example No. 1, the precursor powder of the First Preferred Embodiment was dispersed in water to 
15 prepare a suspension in the preparation of suspension, and an alumina sol having an average particle diameter of 50 
nm was employed as a metallic oxide source instead of the organosilica sol in the preparation of slurry. Note that the 
employed alumina so! included alumina in an amount of 20% by weight, and the balance of water. Unless otherwise 
specified, a catalyst of Comparative Example No. 1 for purifying an exhaust gas was produced and examined for the 
characteristics in the same manner as the First Preferred Embodiment. Tables 2 thrpugh 8 below summarize the 
20 arrangement of the resulting catalyst, and the characteristics thereof. 

Comparative Example No. 2 

In Comparative Example No. 2, a combination of potassium acetate, titanium tetraisopropoxide and aluminum tri- 
25 isopropoxide was employed to prepare a composite oxide powder in the preparation of composite oxide powder. Note 
that the resulting composite oxide powder included K, Ti and Al in a molar ratio of 1 : 1 : 6 as their oxides (i.e., 
K 2 0/Ti0 2 /AI 2 O 3 = 1/1/6). Moreover, in Comparative Example No. 2, a precursor powder was prepared in the same 
manner as the First Preferred Embodiment, but was dispersed in water to prepare a suspension in the preparation of 
suspension. In addition, in Comparative Example No. 2, an alumina sol having an average particle diameter of 50 nm 
30 was employed as a metallic oxide source instead of the organosilica sol in the preparation of slurry. Note that the alu- 
mina sol included alumina in an amount of 20% by weight, and the balance of water. Unless otherwise specified, a cat- 
alyst of Comparative Example No. 2 for purifying an exhaust gas was produced and examined for the characteristics in 
the same manner as the First Preferred Embodiment. Tables 2 through 8 below summarize the arrangement of the 
resulting catalyst, and the characteristics thereof. 

35 

Comparative Example No. 3 

In Comparative Example No, 3, a combination of bisacetylacetonato platinum, potassium acetate, titanium tetrai- 
sopropoxide and aluminum triisopropoxide was employed to prepare a precursor powder in the preparation of compos- 

40 ite oxide powder. Note that the resulting precursor powder included Pt, K, Ti and Al in a molar ratio of 0.1 : 1 : 1 : 6 as 
their oxides (i.e., PtO/K 2 0/Ti02/AI 2 03 = 0.1/1/1/6), and that the loading amount of Pt was 1 .5% by weight in the result- 
ing precursor powder. Moreover, in Comparative Example No. 3, the resulting precursor powder was dispersed in water 
to prepare a suspension in the preparation of suspension. In addition, a titania sol having an average particle diameter 
of 30 nm was employed as a metallic oxide source instead of the organosilica sol in the preparation of slurry. Note that 

45 the titania sol included titania in an amount of 30% by weight, and the balance of water. Unless otherwise specified, a 
catalyst of Comparative Example No. 3 for purifying an exhaust gas was produced and examined for the characteristics 
in the same manner as the First Preferred Embodiment. Tables 2 through 8 below summarize the arrangement of the 
resulting catalyst, and the characteristics thereof. 

50 1 



55 
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Evaluation 

According to Tables 2 through 8, the catalysts of Comparative Example Nos. i through 3 exhibited a lower NO x con- 
version after heat treatment than those of the First through Fifty-eighth Preferred Embodiments did. Moreover, the sulfur 
5 deposited in the catalysts of Comparative Example Nos. 1 through 3 in 'a larger amount than it did in those of the First 
through Fifty-eighth Preferred Embodiments. Thus, it is appreciated from Tables 2 through 8 that the catalysts of Com- 
parative Example Nos. 1 through 3 were sharply deteriorated in terms of the NO x conversion after heat treatment, and 
that they were inferior to those of the First through Fifty-eighth Preferred Embodiments in terms of the sulfur-poisoning 
resistance. 

io On the other hand, the catalysts of the First through Fifty-eighth Preferred Embodiments were good in terms of the 
heat resistance and sulfur-poisoning resistance. According, they verify indirectly that the dispersibility of the NO x stor- 
age elements was kept highly therein. Among them, the catalysts of the First through Eighth Preferred Embodiments 
whose metallic oxide source was the organosilica sol exhibited an especially small coming-off rate, and were apparently 
good in terms of the coating-layer strength. ,.,*'.* 

is Note that, as recited in, Tables 6 througn 8, the catalysts of the Thirty-fifth through Fifty-eighth Preferred Embodi- 
ments exhibited a larger coming-off rate and a lower NO x conversion after heat treatment than those of the First through 
Thirty-fourth Preferred Embodiments did. This drawback results from the fact that water is involved in the slurry for pre- 
paring the coating layer.. Thus, it is understood that the slurry can preferably be free from water completely. However, 
depending on service conditions, the catalysts of the Thirty-fifth through Fifty-eighth Preferred Embodiments can be 

20 used properly in practice, because they were better than those of Comparative Example Nos. 1 through 3 in terms of 
the characteristics. ' 

Having now fully described the present invention, it will be apparent to one of ordinary skill in the art that may 
changes and modifications can be made thereto without departing from the spirit or scope of the present invention as 
set forth herein including the appended claims. 

25 

Claims ' 

A catalyst for purifying an exhaust gas, comprising: 

amorphous and homogeneous composite oxide particles including a support component, and an NO x storage 
element, . ' 

the support component including an oxide of metal being at least one element selected from the group consist- 
ing of group 3B elements, group 4A elements and group 4B elements in the periodic table of the elements, 
the NO x storage element including at least one element selected from the group consisting of alkali metals, 
alkaline-earth metals and rare-earth elements; 

a catalytic noble metal element being in at least one state selected from the group consisting of being involved 
homogeneously in said composite oxide particles and being loaded on said composite oxide particles; and 
metallic oxide particles including at least one oxide selected from the group consisting of oxides of aluminum 
(Al), oxides of silicon (Si) and oxides of zirconium (Zr), and interposing among said composite oxide particles 
to connect said composite oxide particles with each other at least. 

The catalyst according to Claim 1 , wherein, in said amorphous and homogenous composite oxide particles, a com- 
position ratio of said support component with respect to said NO x storage component falls in a range of 1/3 > (said 
support component/said NO x storage component) > 1/90 by molar ratio expressed by the number of mols of their 
oxides. 

3. The catalyst according to Claim 1, wherein said oxide of metal included in said support component is alumina. 

4. The catalyst according to Claim 1, wherein said element included in said NO x storage element is cesium (Cs). 

50 

5. The catalyst according to Claim 1, wherein: 

said oxide of metal included in said support component is alumina; and 
said element included in said NO x storage element is cesium (Cs). 

55 6. The catalyst according to Claim 1 , wherein said catalytic noble metal element is at least one element selected from 
the group consisting of platinum (Pt), rhodium (Rh), palladium (Pd), silver (Ag), gold (Au) and iridium (Ir). 

7. The catalyst according to Claim 1 comprising said amorphous and homogenous composite oxide particles in an 
amount of from 70 to 99.8% by weight. 



19 

BNSDOCID: <EP 0787522A2J_> 



1. 

30 
35 



2. 



45 



EP 0 787 522 A2 



8. The catalyst according to Claim 1 comprising said catalytic noble metal element in an amount of from 0.1 to 10% 
by weight. 

9. The catalyst according to Claim 1 comprising said metallic oxide particles in an amount of from 0.1 to 20% by 
weight. 

10. A process for producing a catalyst for purifying a exhaust gas, comprising the steps of: 

preparing a suspension by dispersing a precursor powder in a solvent, 

the precursor powder including amorphous and homogeneous composite oxide particles, and a catalytic noble 
metal element, 

the composite oxide particles including a support component, and an NO x storage element, 
the support component including an oxide of metal being at least one element selected from the group consist- 
ing of group 3B elements, group 4A elements and group 4B elements in the periodic table of the elements, 
the NO x storage element including at least one element selected from the group consisting of alkali metals, 
alkaline-earth metals and rare-earth elements, 

the catalytic noble metal element being in at least one state selected from the group consisting of being 
> involved homogeneously in the composite oxide particles and being loaded on the composite oxide particles, 
the solvent being free from elution of the NO x stooge element; 
preparing a slurry by mixing an organosol with the suspension, 

the organosol including an organic solvent, and an oxide sol including at least one oxide selected from the 
group consisting of oxides of aluminum (Al), oxides of silicon (Si) and oxides of zirconium (Zr), and dispersed 
in the organic solvent; and 

depositing the slurry on a support substrate, and drying and thermally treating the support substrate, thereby 
forming a coating layer on the support substrate. 

11. The process according to Claim 10 further comprising a step of preparing the composite oxide particles, wherein 
said step includes: ' 

preparing a first solution with a sol which includes an oxide constituting the support component; 
mixing the first solution with a second solution of a compound which includes said NO x storage element; 
turning the mixed solution into a gel; and 
thermally treating the resulting gel. 

12. The process according to Claim 10 further comprising a step of preparing the composite oxide particles, wherein 
said step is carried out by a sol-gel process by supplying both of the support component and the NO x storage ele- 
ment as their metallic alkoxides. 

13. The process according to Claim 10, wherein, in said step of preparing a slurry, a concentration of the precursor 
powder falls in a range of from 30 to 70% in the slurry. 

14. The process according to Claim 10, wherein, in said step of preparing a slurry, the organosol is added to the sus- 
pension in such an amount that the element constituting the organosol occupies in a range of from 0.1 to 20% by 
weight in the resulting coating layer formed on the support substrate, the range expressed by an amount of oxide 
of the element therein. 

15. The process according to Claim 1 0, wherein said step of preparing a slurry includes a step of selecting at least one 
organosol from the group consisting of an organoalumina sol, an organosilica sol an organozirconia sol. 

16. The process according to Claim 10, wherein said step of preparing a slurry includes a step of selecting the orga- 
nosol having an average particle diameter of 100 nm or less. 

17. A process for producing a catalyst for purifying an exhaust gas, comprising the steps of: 

preparing a suspension by dispersing a precursor powder into a solvent, 

the precursor powder including amorphous and homogeneous composite oxide particles, and a catalytic noble 
metal element, 

the composite oxide particles including a support component, and an NO x storage element, 

the support component including an oxide of metal being at least one element selected from the group consist- 
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ing of group 3B elements, group 4A elements and group 4B elements in the periodic table of the, elements, 
the NO x storage element including at least one element selected from the group consisting of alkali metals, 
alkaline-earth metals and rare-earth elements, 

the catalytic noble metal element being in at least one state selected from the group consisting of being 
5 involved homogeneously in the composite oxide particles and being loaded on the composite oxide particles, 

. the solvent being free from elution of the NO x storage element; 
preparing a slurry by mixing a solution with the suspension, 

the solution including an organic solvent, and an organometallic compound including at least one element 
selected from the group consisting of aluminum (Al), silicon (Si) and zirconium (Zr), and dissolved into the sol- 
io vent; and 

depositing the slurry on a support substrate, and drying and thermally treating the support substrate, thereby 
forming a coating layer on the support substrate. 

18- The process according to Claim 17 further comprising a step of preparing the. composite oxide particles, wherein 
is said step includes: 

preparing a first solution with a sol which includes an oxide constituting the support component; 
mixing the first solution with a second solution of a compound which includes said NO x storage element; 
turning the mixed solution into a gel; and 
20 thermally treating the resulting gel. * 

19. The process according to Claim 17 further comprising a step of preparing the composite oxide particles, wherein 
said step is carried out by a sol-gel process by supplying both of the support component and the NO x storage ele- 
ment as their metallic alkoxides. 

25 

. 20. The process according to Claim 17, wherein, in said step of preparing a slurry, a concentration of the precursor 
powder falls in a range of from 30 to 70% in the' slurry. , ■ 

21 . The process according to Claim 1 7, wherein, in said step of preparing a slurry, the organosol is added to the sus- 
30 pension in such an amount that the element constituting the organometallic compound occupies in a range of from 

0.1 to 20% by weight in the resulting coating layer formed on the support substrate, the range expressed by an 
amount of oxide of the element therein. 

22. The process according to Claim 17, wherein said step of preparing a slurry includes a step of selecting at least one 
35 organometallic compound from the group consisting of aluminum alkoxides, alkoxy silanes, zirconium alkoxides, 

acetylacetonato complexes including at least one element selected from the group consisting of Al, Si and Zr, and 
chelate compounds including at least one element selected from the group consisting of Al, Si and Zr. 
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(54) Catalyst for purifying exhaust gas and process for producing the same 

(57) A catalyst for purifying an exhaust gas includes 
amorphous and homogeneous composite oxide parti- 
cles, a catalytic noble metal element, . and metallic oxide 
particles. The metallic oxide particles interpose among 
the composite oxide particles to connect them with each 
other at least. The catalyst has good heat resistance, 
sulfur-poisoning resistance, and durability. The catalyst 
is produced as follows. A slurry is prepared by mixing an 
organosol with a suspension, or by mixing a solution 
with a suspension. The slurry is deposited on a support 
substrate to form a coating layer thereon. The suspen- 
sion includes a precursor powder, and a solvent. The 
precursor powder includes the composite oxide parti- 
cles, and the catalytic noble metal element. The com- 
posite oxide particles include a support component, and 
an NO x storage element. The solvent is free from elu- 
tion of the NO x storage element. The organosol 
includes an organic solvent, and an oxide sol. The solu- 
tion includes an organic solvent, and an organometallic 
compound. The oxide sol and organometallic com- 
pound includes aluminum, silicon or zirconium. 
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